The diagnosis of hypertrophic cardiomyopathy (HCM) can often be diYcult. Traditionally, it has been a diagnosis of exclusion, requiring the demonstration of left ventricular hypertrophy (LVH) in the absence of other causes, such as systemic hypertension or aortic stenosis. 1 2 Early reports focused on the presence of asymmetrical hypertrophy with an outflow tract gradient (hence the acronym HOCM) but it has become clear that this is not the most common appearance. [3] [4] [5] [6] [7] Furthermore, recent reports of genotypically aVected individuals without hypertrophy, who are nevertheless at risk of sudden death, 8 further complicate the situation. Recently, McKenna and colleagues 9 proposed modified criteria for the diagnosis of HCM, which overcome some of the problems associated with the conventional criteria (table 1). The new proposed criteria highlight the importance of a comprehensive family history and 12 lead electrocardiogram (ECG) over the echocardiogram in the diagnosis of HCM. Even then, extreme care must be taken because systematic family screening programmes have identified patients who are phenotypically normal but have aVected siblings and oVspring. These carriers can be missed and their progeny miscoded with less rigorous protocols. Diagnosis can only be 100% reliable when all the implicated gene loci have been identified. Until then the combination of ECG and echocardiography, in conjunction with other clinical information, remain the most useful tests for the diagnosis of patients with HCM. Here, we discuss some of the pitfalls encountered in the echocardiographic evaluation of HCM.
Echocardiographic features of HCM
As a rule, patients with HCM have a considerably increased left ventricular wall thickness, an echocardiographic marker of ventricular hypertrophy, with a small non-compliant but apparently well contracting left ventricle. Early M mode echocardiographic studies defined the characteristic features as asymmetrical hypertrophy of the ventricular septum, with or without systolic anterior motion of the mitral valve, and premature closure of the aortic valve ( fig  1) . An inherent disadvantage of M mode echocardiography is that only a small section of the left ventricle can be examined with a single ultrasound beam, usually passing through the anterior septum and posterior walls. The advent of two dimensional echocardiography has permitted a more complete anatomical description, enabling an appreciation of the wide range of disease morphology and spacial distribution of ventricular hypertrophy. 10 The earlier belief that asymmetrical hypertrophy of the ventricular septum, systolic anterior motion of the mitral valve, and midsystolic closure of the aortic valve were each diagnostic of HCM were dispelled by the demonstration of each of these abnormalities in a variety of other conditions, including patients with hypertensive heart disease. 11 12 Assessment of ventricular hypertrophy Echocardiographic assessment in a patient with HCM requires comprehensive imaging of the left ventricle from several projections, including parasternal long axis, serial short axis views, and imaging from the apical and subcostal windows. The parasternal long axis view is of pivotal importance for orientation and the correct beam alignment along the orthogonal planes. It is imperative that the beam transects the left ventricle perpendicularly, because oblique images will lead to the overestimation of wall thickness and cavity dimensions. If only oblique long axis images are attainable, serial short axis measurements should be treated with caution as far as measurements are concerned. The long axis projection examines the profile of the ventricular septum and left ventricular outflow tract, with good visualisation of the aortic valve and mitral valve, including the subvalvar apparatus. . Figure 3 provides an example of HCM with an unusual distribution, which could be missed if only measurements in the antero-posterior plane are taken. Echocardiographically, HCM can be considered as a condition characterised by the following: (1) hypertrophy of all (concentric) or a proportion of the walls of the left ventriclethat is, ventricular septum (asymmetric) or apex (distal); (2) a dilated left atrium; (3) small, non-dilated ventricles; (4) absence of any other cardiac or systemic condition producing hypertrophy (aortic stenosis (such as valvar, subvalvar, supravalvar), coarctation, systemic hypertension, renal failure, or amyloidosis); and (5) normal or supernormal (vigorous) ventricular contraction in the absence of other hyperdynamic states (fever, pregnancy, or hyperthyroidism). Associated findings, such as systolic anterior motion of the mitral valve or midsystolic closure of the aortic valve, should not be considered diagnostic on their own. When all the echocardiographic features are present, together with the suggestive clinical picture, a firm diagnosis of HCM can be made. However, when only a small number of these findings is present, the diagnosis can only be made clinically, by exclusion of other causes of ventricular hypertrophy.
Diastolic dysfunction
The usually small left ventricle in patients with HCM typically exhibits abnormal diastolic function, with evidence of delayed relaxation seen on Doppler echocardiography. 10 Prolongation of mitral E wave, abnormal deceleration time, delayed mitral valve opening, prolonged isovolumic relaxation time (IVRT), and abnormal pulmonary venous flow can all describe left ventricular diastolic dysfunction.
Early studies using M mode echocardiography showed that the rates of filling and relaxation of the left ventricle were abnormal in patients with hypertrophic cardiomyopathy. [13] [14] [15] However, although these measurements are sensitive, they are non-specific, time consuming, and require excellent quality recordings, which might only be obtainable in a small number of patients. No single or combination of M mode echocardiographic criteria are diagnostic. 16 Doppler echocardiographic recordings, on the other hand, are easy to obtain in nearly all patients and provide a good overall estimate of diastolic filling abnormalities of the left ventricle. [17] [18] [19] [20] However, as with M mode echocardiography, none of the Doppler findings are specific for the diagnosis of HCM, and they should be taken in the overall context of the images. Rarely, HCM patients can exhibit a frankly restrictive filling pattern.
Obstruction in HCM
The anterior mitral leaflet makes contact with the proximal ventricular septum in about 25% of patients with HCM. Systolic anterior motion of the mitral valve causes the left ventricular outflow tract to be transiently narrowed during systole, which gives rise to the gradient. This is the usual site of the "obstruction" (fig 4) . In about 20% of patients, systolic anterior motion of the mitral valve might be incomplete-that is, there is anterior displacement of the anterior mitral leaflet but no contact with the septum. However, systolic anterior motion of the mitral valve is a rather labile phenomenon in many patients, varying in response to diVerent stimuli, such as exercise or medication. Therefore, a patient can have a pronounced gradient during one study and none during the next. In addition, it must be stressed that systolic anterior motion of the mitral valve is a finding not restricted to HCM.
Some patients have a midventricular dynamic obstruction within the left ventricular cavity with a typical late peaking flow profile. The midcavity component might be missed unless the left ventricular cavity and its regional flow characteristics are examined carefully. When the hypertrophy is localised or associated with a midcavity gradient there might be aneurysmal dilatation of the apex. Evidence of such "aneurysms" on echocardiography can lead to an erroneous diagnosis of ischaemic heart disease if care is not taken to assess regional wall thickening ( fig 5) .
Pitfalls
With such an emphasis placed on echocardiography for the diagnosis of HCM, a relatively rare condition with a wide phenotypic spectrum, it is not surprising that there is much potential for diagnostic error. Table 1 lists some of the problems commonly encountered during routine echocardiography of patients suspected of having HCM. These can occur singularly or in combination and lead to either incorrect diagnosis of HCM, or a missed diagnosis. Rigorous use of standard views with attention to detail such as adequate image quality, correct angulation and axis, and careful measurements should minimise errors. Importantly, in view of the serious individual consequences that the diagnosis of HCM may confer on the patient, it is crucial that the echocardiogram is interpreted in the clinical context by an expert, and that individual counselling is available. (fig 6) . Pierard and colleagues 21 reported prominent false tendons in nine of 300 consecutive patients referred for echocardiography that potentially could lead to diagnostic confusion. The most frequent site was from the septum to the lateral papillary muscle. Typically, they are long, thin structures that are hardly seen at all because they run parallel to the septum. Careful examination of the suspect area in diVerent planes, particularly in the parasternal short axis projections, tracing the origins of the tendons, can usually provide the diVerential diagnosis.
The second most common misinterpretation for septal hypertrophy is the moderator band, which runs parallel to the septum in the right ventricle. This, together with inappropriate gain controls, can lead to unclear border delineation of the septal thickness and create septal hypertrophy. Again, careful investigation of the ventricular septum from short axis projections, together with appropriate gain settings, should ensure that results are not misinterpreted. The absence of increased wall thickness in other parts of the ventricle, a completely normal ECG, and absence of a family history of HCM are also important clues to the correct diagnosis.
The sigmoid septum has also been called the "septal bulge" or "angulated septum" and often leads to an erroneous diagnosis of asymmetric septal hypertrophy (fig 7) . One of the most common interpretative errors of asymmetric septal hypertrophy is encountered in older patients, where the proximal portion of the ventricular septum is bent, impinging into the outflow tract. Such angulation appears to form a localised septal thickening at the proximal portion of the anterior septum, particularly when the M mode beam transects the septum at this level, and can easily be misinterpreted as asymmetric septal hypertrophy, and thus HCM. Left ventricular wall thickening, a narrow outflow tract, and a small incomplete systolic anterior motion of the mitral valve may complete the illusion of HCM. Multiple short axis views distal to the angulation usually demonstrate that there is no increase in wall thickness at other sites. Goor and colleagues 22 classified the angulated septum morphologically as mild (52%), moderate (24%), and extreme (24%) sigmoid shapes in normal hearts without hypertrophy. The exact incidence of this anatomical variance as detected by echocardiography is unknown. Krasnow 23 recently reported 94 such cases, noting that no other features of HCM were present. There can, however, be systolic anterior motion of the mitral valve and/or a left ventricular outflow tract gradient as a result of the shape of the left ventricular outflow tract, but this is not suYcient to confer the diagnosis of HCM. Increased, left ventricular wall thickness and left atrial size, which are often seen in the elderly, are usually thought of as a consequence of hypertension and/or increased ventricular stiVness, a "normal" aging process. Conversely, the presence of a positive family history for HCM should be suggestive of a particular genotype of HCM, associated with the myosin binding protein C mutations that often manifests in the elderly. 24 25 Asymmetrical hypertrophy of the ventricular septum is not specific to HCM and can also occur in other clinical settings, such as systemic hypertension. 26 Apparent asymmetric septal hypertrophy can also occur in conditions that cause thinning of the left ventricular posterior wall relative to the septum. This abnormal septal to posterior wall thickness ratio is commonly encountered in patients with coronary artery disease, either because of segmental hypertrophy of the septum (secondary to systemic hypertension) or, more commonly, as a result of transmural myocardial infarction with thinning of the posterior wall, thus leading to an abnormal septal to posterior wall ratio.
Finally, asymmetric septal hypertrophy is relatively common in infants with congenital heart disease. The overall prevalence of disproportionate septal hypertrophy in one study was 10%, and in patients with pulmonary stenosis or pulmonary hypertension, this figure even exceeded 20%. 27 Diagnostic diYculties frequently occur in athletes. The term "athlete's heart" is used to describe a constellation of features seen in elite athletes. Essentially, they are morphological adaptations to extreme physical training. There might be a mild increase in wall thickness, but this is rarely more than 16 mm in white athletes. Spirito and colleagues 28 assessed 947 multidisciplinary national and international athletes and found that < 2% had a wall thickness similar to that found in "mild" HCM (in the range 12-16 mm). Most of these were rowers or endurance cyclists with a large body surface area. In addition, athletes usually have a normal size left atrium and absence of family history of HCM. Perhaps the most distinctive feature of the athlete's heart, with or without increased wall thickness, is the increased ventricular chamber dimensions (end diastolic diameter > 55 mm), in contrast to the generally small ventricular dimensions seen in HCM. If any doubt remains, a metabolic exercise test with a normal or supernormal maximum venous oxygen content and normal blood pressure response is unlikely to be found with pronounced cardiac pathology.
Rarely, infiltrative disorders such as amyloidosis may be confused with HCM. The reduced contraction of the amyloid left ventricle contrasts with the vigorous contraction usually seen in HCM. However, in the early stages of cardiac amyloidosis function might not be suppressed. Additional features,
Figure 6 Parasternal long axis view from a patient referred with the echocardiographic diagnosis of hypertrophic cardiomyopathy (HCM). (A) The M mode image showing the normal septal thickness (10 mm). Notice that the measurement excludes the false tendon (arrow), which runs parallel to the septum. (B) The false tendon along the ventricular septum, which was included in the original measurement of 22 mm and led to the wrong diagnosis of HCM.
such as altered myocardial texture, presence of pericardial eVusion and thickening of the valves and atrial septum, are often cited but all are subjective signs and none is specific on its own. A more simple and accurate means of diVerentiating amyloid from HCM is to examine the ECG, which is typically of low voltage in patients with amyloid, in contrast to the pronounced hypertrophy seen in HCM. Haemochromatosis in patients with frequent transfusions produces iron deposition within myofibres, which leads to ventricular dilatation, with concentric wall thickening and reduced compliance (restriction). Patients with Friedreich's ataxia, the most common of the spinocerebellar ataxias inherited as an autosomal recessive disorder, can present with a variable degree of ventricular hypertrophy. In one study of 55 patients with Friedreich's ataxia, 29 we found left ventricular hypertrophy in 21 patients. The pattern of hypertrophy was variable, including asymmetric and concentric hypertrophy (fig 8) .
The incidental detection of an intraventricular gradient with Doppler echocardiography can often be misleading and result in the misdiagnosis of HCM. Intraventricular gradients are not specific for the diagnosis of HCM and can occur in other conditions, with or without the ventricular hypertrophy. Small left ventricular cavity dimensions together with a vigorous left ventricular function, either as a result of a hyperdynamic state or hypovolaemia, can lead to a gradient. A typical example is in hypertensive patients on dialysis, who can mimic the picture of HCM.
False negatives
Although asymmetrical septal hypertrophy is the classic phenotype in HCM, it is important to appreciate that the hypertrophy might also be concentric, eccentric, or apical if the diagnosis is not to be missed. Distal or apical hypertrophy is only evident on sequential short axis examination of the left ventricle, and from the apical views, and can be easily overlooked. If the ECG shows deeply inverted T waves in the chest leads there should be a high degree of suspicion for apical HCM. 30 However, a foreshortened apical four chamber view can give a false positive finding, with the appearance of increased distal wall thickness as a result of the oblique cut. Although distal hypertrophy is common in Japanese patients, it is also frequent in hypertensive patients, thus excluding the diagnosis of HCM as such, unless there is a positive family history of HCM.
Patients with mild concentric left ventricular hypertrophy present a diagnostic conundrum because this is the predominant pattern in secondary hypertrophy, such as hypertensive heart disease. Again, features favouring HCM are a positive family history, a small dynamic left ventricular cavity, characteristic ECG changes, normal 24 hour blood pressure, and an abnormal blood pressure response to exercise. A careful review of the echocardiogram might also reveal a more severe localised increase in wall thickness or involvement of the 29 right ventricle, which point to a diagnosis of HCM. However, massive hypertrophy can be seen in neonates and children with glycogen storage disorders, but rarely in patients who do not have HCM. Studies diVer in their definition of concentric hypertrophy because of diVerences in the morphological assessment of the segmental distribution of hypertrophy. In a recent study by Klues and colleagues 7 of 600 patients, true concentric hypertrophy was rare in HCM, but about 30% had involvement of three or more contiguous regions of the left ventricle. Using conventional criteria this would have been classified as concentric hypertrophy.
Children and adolescents
Frequently in the context of family screening, one may be asked to examine a child or adolescent to look for ventricular hypertrophy. It has long been recognised that left ventricular hypertrophy is relatively unusual in childhood, but typically develops during the pubertal growth spurt. Additional information in the form of a detailed family history and ECG and, when possible, metabolic exercise stress testing, should be carefully sought. The ECG is more sensitive than the echocardiogram for the diagnosis of HCM in children, but less specific. Until recently, family screening has involved periodic echocardiographic evaluation of first degree relatives up to the age of 25 years. The recent recognition of non-penetrance, with phenotypically normal "carriers", and myosin binding protein C mutations with age related penetrance of LVH, complicates the issue. In this context, a thorough family history, including the age of diagnosis of the aVected individuals, is extremely important. A normal parent or normal echocardiographic evaluation at the age of 25 does not necessarily exclude the diagnosis, but careful pedigree analysis should identify gene carriers.
Hypertrophic cardiomyopathy is caused by a mutation in one of several sarcomeric proteins. Recently, it has become clear that some mutations, especially troponin T mutations, often manifest in only mild left ventricular hypertrophy (12-15 mm wall thickness), but have a high risk of sudden death. However, these are rare mutations occurring in approximately 15% of all patients with HCM. 31 Strict adherence to previous criteria would not permit diagnosis of hypertrophic cardiomyopathy in these individuals. Therefore, care should be taken to assess the morphological findings in the context of the family history and some background knowledge of the mutations. The ECG is clearly abnormal in most cases. Figures  6 and 7 show examples of two such families. Importantly, the severity of LVH can vary greatly between individuals within the same family and, in general, it does not correlate with prognosis.
Some patients can present with a normal or mildly increased wall thickness, even though they have a highly malignant family history of sudden death. 8 Others with an identified gene, and thus diagnosis of HCM, might not have any ventricular hypertrophy and only show some discrete ECG abnormalities. 32 Left ventricular cavity enlargement is common in such patients. DiVerentiation from other causes of systolic dysfunction is necessary but can be very diYcult. Previously documented hypertrophy is definitive but otherwise family history and a bizarre ECG, or if indicated, myocardial biopsy point to the correct diagnosis. In general, documented LVH in the absence of hypertension and a severe intramyocardial conduction abnormality in a patient with left ventricular systolic dysfunction should raise the possibility of HCM.
Explanted hearts from individuals with a pretransplant diagnosis of restrictive cardiomyopathy often reveal extensive myofibrillar disarray in the absence of increased wall thickness. Therefore, it is important to be aware of the possibility of HCM in patients presenting with a restrictive physiology. Echocardiographic evaluation of family members might reveal individuals with the same phenotype or that of a more typical HCM.
The way forward
It is clear that although echocardiography is an invaluable tool in the diagnosis and follow up of patients with HCM it is not infallible. Totally reliable diagnostic accuracy can only be achieved with genotyping, which is not yet possible for all subgroups. Newer echocardiographic technologies looking at myocardial velocities and gradients might be helpful. Until then, an interractive diagnostic protocol with a complete, standardised echocardiogram is the best we can oVer.
